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PASSIVE CO.^&t'JMCATION SATELLITE 
Warren GiHespie, Jr., KtWport Kews, Va., aKSipiior (o the 
LFnif ed States of Atncrica as represented -by £be Atlnisn- 
istrafor of the 'National A eroBaistics and Space Admln- 
istratioa ■ . 

Filed Jan. 13, 1961, Ser. No. 82,653 
12 Claims. (CL 343 — 18) 

(Granted: uscler Title 35, U.S. Code (1952), sec. 266) 

The invention described herein may be manufactnred 
and used by or for the Government of the United’ Stales 
of America for goveramental pnrposes without the pay- 
ment of any roysities thereon or therefor. 

This invention relates gen'era’ily to planetary orbital 
co.mmunication satellites and more specificaily tc erec- 
table, infiatabie radio signal reflecting space vehicles. 

The realization in recent years of the abiiity to place a 
space vehicle in a long term orbit about the Earth has' 
created a great deal of interest in the potential of such 
vehicles as passive communication saleliites. Properly 
constructed and placed in a reliable orbit, a passive com- 
munication satellite, or a series of such vehicles, may seive 
to relay radio signals fro.m one continent to another, 
and over- other great distances, by reflection of received 
signals. A communications system of this sort may serve 
to alleviate tbs already over-burdened condition of trans- 
oceanic lelepboue cables, or the like, and wouid be far- 
more reliable thtm unrelayed high f.'-cquency radio cir- 
cuits, which are susceptible to disruption due to varying 
ionospheric conditions. With these advantages in mind, 
research programs have been undertaken to study the 
feasibility of constmelirig and placing in orbit a passive 
communication relay . satellite. As a result of one such 
research program, conducted as part of an undertaking 
denominated "Project Echo,” a spherical space vehicle 
one hundred feet iri diameter has been placed in Earth 
orbit, and radio sisnah have been successfully relayed 
by this satellite from one station to another far removed 
therefrom. The cetaiis of this passive communication 
satellite may be found by reference to an application 
for United States Letters Patent of William John O'Sulli- 
van, Serial No. 835,1.53, filed August 20, 1959, now 
patent number 2,996,212. Although the space vehicle 
constructed along tbs lines described in the above-identi- 
fied patent is considered to be highly successful and to 
afford the first practical embodiment of an erectable com- 
munication satellite, several advantages appear to be 
attainable by modifying the spherical shape thereof, and 
in modifying the skin structure used therefor. 

One inherent limitatio.n in the use of a spherical satellite 
lies in the large size and v/elght thereof required to pro- 
vide adequate r-cfieciive surface area. For communica- 
tions relay purposes only a small segment of such a sphe- 
roid is actuaHy utilized as a refiecior or reflecting sur.face, 
and the remainder of the sphere serves noTunction oniJe 
a stable orbit has been achieved. Thus the greater por- 
tion of such a spac.e vehicle is merely excess structure, 
creating booster rocket payload capability waste problems, 
while serving only to obviate the need for alignment or 
attitude control means. Further, by presenting a uniform- 
ly reflective surface i.n all directions, such a spheroid is 
subjected to the orbit modifying effects of solar pres- 
sure, caused by the energy expended upon die satellite 
by the i.mpingcment of iig-ht thereon, and the consequent j 
reflection thereof. Further, since a spherical vehicle of 
this type possesses a relatively high volume to v.'eight 
ratio, the perturbating effects of solar p-essure a.'e in- 
creased. In addition to these- difilcullies in maintaining 
a reliable orbit, the satellite shape or configuration tends \ 
to be easily changed by both solar pressure and miefo- 
meleorile collisions. 
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The. material disclosed in the aforementioned patent, 
while if does possess a degree of stiffness or rigidity when 
once erected and tensilely stressed in accordance -with the 
teachings of such application, does not have' .sufficient 
o rigidity to reliably maintain the desired configuration 
when exposed for lengthy periods of time to such. environ- 
mental hazards as solar pressure, micrometeorite colli- 
sions, and the like. 

In view of the desirability of providing passive com- 
jQ municElion satellites, and the limitatians of prese-ntly 
. known structures and materials available for construct- 
ing a reliable satellite of this type, it has become desir- 
able to design a novel structure to serve as a communica- 
tions relay vehicle of reliable, maintainable con.figura- 
15 tion and orienwtion. To construct such a .space vehicle 
of improved design, the development of new materiais has 
become a requirement, as heretofore utilized maferials 
fail- to provide Sufficient rigidity, and .are unduly affected 
by solar pressure. Finally, new processes have been re- 
20 ’ Quired to make the novel materials desired for use in 
such space vehicles. The present im.-ention is a result of 
considerable imegri ted research a'nd development to- 
wards solving the problems encountered in providing a 
practical passive communication relay satellite. 

25 Accordinghq it is an object of this invention to provide 
a new and j.mproved communication satellite. 

Another object of the present inve.rtion is the provision 
of a new and improved automatically erectable stiuctiiral 
elen'ient. 

30 Still another object of this invention is the provision of 
an actively attitude oriented passive communication sat- 
ellite. 

Yet another object of the present inventiort is to pro- 
vide a passively attitude orierhed communication satellite. 
35 A still farther object of the instant invention is I'ne pro- 
vision of a passive commuhication satellite adapted to 
reflect radio frequency waves. 

An. additional object of this invention is- to provide a 
passive communication satellite adapted to bs pervious 
to light frequency waves. 

Another additional object of the present invention is the 
provision of a space vehicle which is pervious to light fre- 
quency waves and impervious to radio frequency waves. 
... A further additional object of the instant invention is 
' ^ to provide ah orbital space vehicle adapted to bs at- 
titude-stabilized by the gravitational-centrifugal force 
gradient. 

According to- one aspect of the present invention,, the 
0 Q foregoing and other objects are attained by providing 
an in.fiatably erectable passive communication satellite 
adapted to be folded into a compact package for storage 
in a launch vehicle nose cone or in the final stage of a 
.multi-stage rocket, and having upon inf!.ation erection at 
g_ least one spherical section for presentation to a source 
of radio frequency signals transmitted from the Earth; 
svich satellite being formed at least in part of inflatable 
. elements constructed of material in sheet form adapted to 
reflect radio frequency waves and so constructed as to 
gg possess structural rigidity upon erection sufficient to re- 
Inin an erected configuration in an interplanetary spatial 
vacuum without the presence of interna! pressure. 

The foregoing and . other objects and many of the 
attendant advantages of this invention will be readily 
35 apparent as the same become, better understood by ref- 
erence' to the following detailed description when con- 
sidered in connection with the accompanying drawings 
wherein; 

FIG. 1-ls a p,artiai elevational view, partly broken 
fO nway, of a lypical launch vehicle for a salellile; 

FIG, 2 is a side view of one embodiment of a com- 
municati-Un satellite according to the present invention; 
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FIG. 3 is a sectional view taken along line 3—3 of 
FIG. 2; 

FIG. 4 is a side view -of another em.hodhnent of a com- 
niunicalion satellite according to this invention; 

FIG. 5 is a partial sectional view taken along . line 5 
5—5 of FIG. 4; 

FIGS. 6n, 6b, ■ 6c, and 6a' illustrate the satellite of 
FIGS. 4 and 5 during the .sequence of events occurring 
in a normal orbital mission thereof; 

FIG. 7 is a side view of another embodiment of a com- jq. 
municaiion satellite according to the instant invention; 

FIG. 8 is a sectional view talcea along lino of 
FIG. 7; 

FIG. 9 is a partial plan view of an inflatable panel 
designed for use in a satellite;' 25 

FIG. 10 is a sectional view taken along line 10—10 
of FIG. 9; . . 

FIG. 11 is a partial plan view of another inflatable 
panel designed for use in a satellite; 

FIG. 12 is a sectional view taken along line 12—12 20 
of FIG. II; 

FIG. 13 is a partial plan view of another inflatable 
panel designed for use- in a satellite; and 

FIGS. 14-5 8 are partial detailed views of various 
structural components adapted for use in a typical satellite. 25 

Referring now more p.iniculariy to the drawings, where- 
in like' reference numerals •, designate ider.tical parts 
throughout the .sevefa! views, and more particularly to 
FIG. 1, there is shown by way of iilustraiion a passive 
communication satellrie, gen.era!!y designated by the ref- 30 
erence numeral 11, folded for storage within no.se portion 

12 of the final stage or payload container 13 of a launch 
vehicle, not shown. The exact positioning and mourit- 
iiig of satellite 11 within nose portion 12 forms no part 

of the pre.sent invention, and .may be such as to permit 3,5 
ejection of tlse ercctable satellite IX either forwardly or 
rearwardly along the longitudinal vehicle axis, or radially 
therefrom, upon reaching orbital velocity and altitude. 

As -shown in FIG. 1, by way of example, satellite 11 may 
rest on a di.spJaceable tray 14 which is temporarily re- '10 
strained in the 'posilio.n shown but is adapted to be re- 
leased upon separation of nose portion 12 from final stage 

13 through the operation of conventional mechanisms, 
not shown. y\ ftpring 10 may be provided in a normally 
compressed posiSlo.n so ss to forcibly eject satellite II 45 
and tray 14 from nose portion 12 when tray 14. is re- 
leased. Any conventional devices may be provided to 
carry out the riiO.rernentioncd operation within the scope 

■of this invcntio,n. It is further conternpiated that a plu- 
rality of saiciliies il may be positioned within, a launch .50 
vehicle nose cone and ejected therefrom sequentially, as, 
for c.xample, at e.tch nose cone pass through the apogee 
of an elliptical orbit thereof, so as to provide a spaced 
series of communications satellites. 

Passive communication satellite 11 may have any one 53 
of several configurations when erected, and the selection 
of one or such configurations will be determined in prac- 
tice by consideration of v.arious factors, such as the an- 
ticipated orbital altiU'ide, the term of the desired orbit, 
the pcrceiitage of time of exposure to solar pressure, 00 
the anticipated rate of rnicrometeorite activity in the orbit- 
al area, the degree of accuracy of attitude desjred, the 
orbital weight capabilities of the Isunch vehicle to be 
used, a.id the like. Further, various materials may be 
used to fornr the several coittponent parts of such a satel- C5 
lile-, and the svk-ction of these materials will be governed, 
in part, by the aforerncnlioned considerations as well as 
the configuration to be used. 

Basically, each of the con.flgurations hereinafter to be 
described includes n primary structure including a mast, 70 
tin annular support means, and a plurality of lightly ten- 
sioned spokes interconnecting the mast a.nd the support 
means. 'ITiis primary structure serves ns a framework, 
for a .secondary structure which includes n reflecting sur- 
face formed in the shape of a portion of a sphere, and 75 
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which may be termed a spherical section.. The, dimensions 
required for such a spherical section, and, accordingly, 
the attendant primary structure, may, in practice, be de- 
termined by normal e.agineering calculations; these cal- 
culations taking into account such V'ariable factars as al- 
titude, anticipated margin of error in satellite orienta- 
tion' or attitude, and the distances between the several 
radio transmitting and receiving stations involved. 

Referring now do FIGS. 2 and 3, there is shown one 
embodiment of- passive communication satellite 11 in 
erected condition, which may be- acco.mplished by means 
hereinafter described upon attainment of orbital velocity 
and altitude. Satellite II, as shown in FIG. 2 is pro- 
vided with a reflecling. surface which comprises a gener- 
ally spherical or spheroidal section 15, a mast 16 mo'unted 
OB arid carried by spherical section 15 and e-xtending along 
a radial line of the imaginary .sphere 17 of which spher- 
ical section 15 is a segment, and strengthening elements 
such as lightly tensioned spokes 18 connected at one 
end thereof to end 19 of mast 16 by spoke connecliag 
means, not showm. Satellite 11 is preferably further pro- 
vided with active attitude, control means 21, set forth 
more fully hereinafter. Spherical section 15 is supponed 
at the outer, circular, periphery thereof by inflatrrble 
.annular tube 22, best seen in FIG. 3, constituting a periph- 
eral support means, which in turn may be connected to 
the other end of the spokes 18 and thereby interconnected 
with mast 16. For increased structural rigidity, there 
may be included as an integral part of satellite II a plu- 
rality of wire spokes 23, lightly tensioned; connected 
at one end thereof to spoke connecting mean.?, not shown, 
ritounted on mast Id near the i.'itersection thereof vdth 
spherical section 15, and at the other end thereof to in- 
fiauibie annular tube 22. The ends of spokes 18 and 
23 adjacent and connected to mast 16 should be substaii- 
tialiy eq'uidistant from the plane of tube 22. Further, 
rib panels 24 may be mounted between spokes 23 and 
spherical section IS, and connected to both, thu.s anord- 
ing greater structural rigidly and aiding in forming the 
shape of spherical section IS during erection. 

Since satellite It is not a complete sphere, but defines 
only a .section of a sphere, it is o'e.sirable to prowde some 
mc.ans for insuring that spherical section 15 is oriented 
and maintained in a preselected position relative to the 
surface of the Eanh in order to properly reflect radio 
frequency signals directed toward the passive communi- 
cation satellite for relay to an Earth receiving station. 
Means of this type .may be provided for both satellite 11- 
and each of the oth satellite configurations hereinafter 
disclosed. As shi ' - in FIG. 2, active attitude control 
means 21 is provid,., ' ; perform this Earth-orienting func- 
tion in satellite II. 

Active attitude control means 21, which may be mount- 
ed on satellite II as hereinbefore mentioned and -iyhlch 
also may be utilized with any of the orbital satellite con- 
figurations hereinafter disclosed, may in practice be any 
conve.njionrd acti' -; attitude control means; for example, 
that disclosed in .le application for Letters Patent of the 
United States by Warren Gillespie, Jr. et ah, Serial No. 
853,984, filed November 18. 1959, now Patent No. 3 , 038 ,- 
077, or in United States Letters Patent 2,740,961, issued 
April 3, 1956.. Such active attitude control means may 
operate in various -W'ays, such as, for example, by rota- 
tively scanning the horizon of the Earth in order to detect 
any deviation from a generally horizontal reference plane. 
Regardless of the specific operatio.u of .such a device in 
detecting deviations from an Earth oriented attitude, cor- 
rection may be afforded by, for example, the automatic 
actuation of jet exhaust nozzles in proper directions to 
correct' satellite attitude in accordance w'ith well recog- 
nized physical principles. Since the details of .such an 
active attitude control means form no part of the present 
invention, they arc not licrcin disclosed. Any of the 
antilogous prior art ,sy.stcins will suflice so long as tliey 



are capable of sensing and actively correcting attitude . 
errors. 

The various siructura] elements ol satdiiic 11-, aside, 
from spokes I8 and 23, may be formed of a tliin flexible 
material which is adapted to be comp.actly folded as, for 6 
example, shown in FIG. 1, but whicn upon erection is 
adapted to reflect radio frequency signals and possesses a 
sufficient rigidinc or stiffness for reiiablc eonfiguration re- 
tention when exposed in an interp!anetar> spatial- vacuum 
to the various perturbations therein encountered. Such jq 
materials; which form an iiitegra! part of. the present in-- 
vention, are applicable to several configurations herein 
disclosed, as welbas other structural shapes, and are there- 
fore discussed more fully hereir>aft-:r, following the de- 
scription of other .satellite configi-ifationB. Similarly, a 15 
description of tile V'arious structural conectioHs herein con-- 
ternplated, such as the inlcrconnsctiom of spokes IS to 
mast Ifi-’and tube 22, and of wire spokes 23 to rib panels 
24 tube 22, and similar jointure details, since-tbey may be 
common to the several configunations herein disclosed, 20 
are discussed following a consideration of the -several, 
configurations. 

Having reference now to F.I’GS. 4 -and 5, there is shown 
an alternative embodiment of a pas.sive communication 
satellite acco.rdntg to the present invention, generally des- 25 
ignated by the reference numeral 31, which differs from 
the embodiment of FIGS. 2 and 3 mainly in that satellite 
31 is adapted to be passively altitude oriented by the 
gravitational-centrifugal force gradient. Satellite 31 is 
provided v,'ith a reflecting surface which defines a s'pheri- SO 
cal- section 32 similar to section 15 of FIG. 2, and con- 
stituting a .sect!on,-of an iinaginary- sphere indicated by 
dashed line 33. Mast 34, connected at an end thereof to 
spherical section 32 and extending along an imciginary 
radial line of sphere 33, serves to ..support a plurality of 35 
strengtheni-ng elements or spokes 35 \v;hich are intercon- 
nected between mast 34 and an inffatahJe annular tube 36 
by conventional connecting mcan.s 40 so as to be lightly 
len.sioned. Tube 36 is contiguous with and is connected 
to the circular periphery of spherical section 32, and thus 
constitutes a peripheral support means. As in satellite H, 
satellite 31 may be provided with a piuraiity of spokes 37 
connected under light tension to mast 34 and tube 36,, 
through conventional spoke connecting means, not show'n. 

The focus of the ends of each of the aforehienfioned spokes 45 
35, 37 adjacent mast 34 is prefe-rably substantially eig'ui- 
distant from the plane of tube 36, In order to provide ' 
greater rigidity of this satellite configuration, rib panels 38 
n-iay be interconnected between spokes 37 and spberica! 
section 32, 50 

.Referring again to il'ts satellite configuration of FIGS. 2 
and 3, it is preferred that, once orbital velocity and alti- 
tude have been achieved, the satellite 11 be detached com- 
pletely from all or most of the launch vehicle .structure, 
and then erected and atijiud'S-stabilized under the in- 55 
ff-uence of active attit-ude control means 21, On the other 
band, satellite 31 may be attitude-stabilized in a different 
manner. Iff ore particularly, satellite 31 .may be- so stored 
■within its launch vehicl-e that upon aUaimient of the de- 
sired altitude- and velcciiy, the satellite may be erected 00 
by means he-minafter described, but rcinains attached, 
through mast 34, to a significant portion of the mass of 
the .launch vehicle; for example, the final stage or the pay- 
load container thereof, as generally indicated and sche- 
matically iltustralcd at ?9, FIGi 4. .' (J5 

As illustrated in FIG’S. 6 o, 6b, 6c and. 6d, safel'itc 31 and 
the attendant launch v--.chic!e- may .se-ouentialiy pass throiggh 
the stages of launch and acccl'c ration to orbital aliiiiitle and 
velocity, as indicated at FIG. Oa; a pitching man-uever to 
align the axis of the entire vehicle with a radial line front 70 
the Earth, as in FIG. 6b; erection of mast 34 which spaces 
spherical surface 32 away from significant mass 39, as at 
FIG. 6c; and fmally erection of the entire satellite 3-J. 
Aligning,- mast 34 vrith a radial line extending from the-, 
center of the. Earth in this fashion, and thus causing signl- 75 


ficant mass 39 and the center of mass of spherical section 
32 to lie along such a radial line, permits the entire satel- 
lite 31 to be attitude-stabilized by the gravitational-centrif- 
uga! fores gradient. In other words, as is -well knowm, 
the two major forces acting upon a space vehicle dbring 
orbital travel in a closed circular or elliptical- path are at- 
tractive -force of gravity and the opposing force- known 
as centrifugal force. For a given orbit these forces are of 
substantially equa! magnitude, and act on such a space 
-vehicle .generally along a radial line drawn- through. the 
center of the Earth. Therefore the sp.ace vehicle, or in 
the present case satellite 31, is mdst sfabla -with the two 
masses, spherical .siu-face 15 and siguificant .mass 39, cen- 
tered along a radial line, since in non-centered positions 
a resultant force couple is established inducing a torque 
tending to move the two masses back toward the desired 
po.sition. Thus satellite 31 may be said to be passively 
attitude stabilized by the provision of a “dumbell” con- 
figuration such as shown in FIG. 6d. 

The length of mast 34 'should be such that the static 
inoment.s or force couples occasioned by a deviation of 
the two masses from a radial line from the center of 
the Earth is at le.ast so.me'what greater than other per- 
turbations such as solar pressure. .Therefore, for ex- 
ample, rti-sst Je-nglh should increase with orbit altitude. 
Obviou.sly, if satelilte 31 were to be tumbling rapidly 
end-oyer-end upon initial erection, it would require a 
lengthy period of time for the gravitation.'d-centrifugai 
force gradient to .succeed in properly stabilizing the satel- 
lite; therefore, it may be desirable to provide active or 
passive damping devices to check such initial tumbling 
motion. An active attitude control means such as that 
de. 5 cribed hereinhefoje may .serve this purpose. More 
ideally, angular motion sen, sing mca-ns, not shown, may 
be utilized to sense overly rapid tumbling and forcibly 
correct, .such action; or structural elements, not shown, 
may serve to. check such tumbling by cre.ating inertial 
forces . opposed, to tumbling. Since such device's form 
no part of the. present invention, they are not herein 
specifically disclosed. 

It is to be noted t-haf satellite .31 may be Earth oriented 
either as shown in FIG.- 6d or in a position rotated 380 
■ degrees, with mass 39 neare.st the Earth, since in cither 
position the curved reflecting surface provided by spheri- 
cal section 32 may function to reflect radio signals. 

The pitching maneuver for initially attaining the posi- 
tion shown in FIG. 6b may be accoiiiplishcd by any 
conventional reaction jel or otlier vehicle sieering de- 
vices, not shown, which are not considered to be a part 
of the present invention. 

Another alternative embodiment of a communication 
satellite in accordance tvilli the- instant invention is shown 
in FIGS. 7 and 8. This satellite, generally designated 
by (he reference numerui 41, is provided with a reflect- 
ing surface, which- includes spherical section 42 having 
inflatable annular tube 43 connected to the outer periph- 
ery thereof, and constituting peripheral support means. 
Mi-ist 44 is cenirolly connected to spherical section 42 
and extends along a radial iinc therefram. Wire spokes 

45 may serve as strengthening elements and rib panels 

46 may be provided in si.miJar manner to those shown 
in FIGS. 3 a.nd 5 to furnish increased structural rigidity. 
To the extent thus far described, it may be seen that 
satellite 41 is substantially identical to satellites 11 and 
31; further, as hereinbefore discus-sed, acti-ve attitude 
control means 47 may be motinted below mast 44 and 
jnay be similar to active attitude control means 21, 
FIG. 2. 

Satellite 41 differs from those p.'-eviously discussed h.ere- 
in in fi-ie provision of an ripper spherical section 48 
which- may include wire spokes 49 and rib panels SI 
serving tlie same function ns do the similar elements 
heicinbef-ore disclosed, such as dements 23 and 24 in 
FIG, 3. 
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It should be noted that instead of, or in addition to, 
active attitude control means 47, passive attitude con- 
trol means, not shown, might be readily provided for 
sa.teilile 41 by extending mast 44 beyond surface 48 and 
connecting a significant mass thereto 'as more fully dis- 
cussed hereinbefore with regard to FIGS. 4, 5 and 6. 

Several configurations for passive communication 
satellites having been hereinbefore disclosed in a gen- 
eral manner, particular attention is now directed to the 
materials which are preferably used to form the various 
components of the afo.resaid configurations. It is to 
be uh'derstciod that each of these materials may be uti- 
lized in part or in the whole • for constructing any of 
the previously discussed configurations cr other similar 
satellite shapes or planforms. 

The o.ne hundred foot sphere similar to that disclosed • 
in the O'Sullivan patent hereinbefore kienlined is adapted 
to be erected by introducing pressure into the interior 
thereof much as a conventional balloon is inflated, and 
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This is so since, olhc-r.vi.se, a puncture of the membrane 
or the spherical surface by a micronicteorilc, followed by 
exhaust of the entrapped gas, would serve to create forces 
changing the orbital path and .saleliife attitude. Such 
pressure releasing means may be simply a series of very 
small holes allowing 'the gas to exhaust slowly in opposed 
directions after erectioa. 

Spherical sections 15, 32,, 42 and 48 may be constructed 
of any of- the novet materials and combinations' thereof 
now to be described. Referring to FIGS. 9 and 10, there 
is shown a portion of a structural element or inflatable 
panel 52 comprising; a lop sheet 53 and a bottom sheet 
54 censlirutine first and .second sheets, respectively. Sheet 
53 has a plurality oTindentatlo'ns 55 formed therein, and 
sheet 54 has a pluraiity of indentations 56 formed therein, 
each such indentatica forming a depression in one side 
of its respective sheet and a protuberance in the other side 
thereof. Vvhile for purposes of facility and clarity of dis- 
closure, panel 52 and the sheets S3, 54 thereof have been 


differs from such a- common inflation operation by the 20 shown as having rather sharply defined, ang-alar indenta- 


provision of su.fficient p.ressure to tensiiely stress the 
satellite skin male.rial beyond the elastic limit thereof. 
A significantly different erection procedure may be uti- 
lized in erecting the present satellites, as will become 
readily apparent as the detailed description continues. 

More particularly, the passive communication satellites 
of the present inveniicn may be erected by inflating the 
component p.arts thereof. Thus, for example, satellite II 
may be erected by inflating annular tube 22, .mast 16, rib 
panels 24, and spherical section IS. Similariy, satellite 3i 
may be erected by inflating, annular tube 36, mast 34, rib 
panels 38, and spherical section 32t and erectioa of satcF 
liie 41 may be accomplished by inflating annular tube 43, 
mast 44, rib panels 46, 51, and spherical sections 42,. 48. 
Accordingly, inflatable annular uibcs 22, 36 and 43 may be 
consiriicu-d of a thi.n. fle-xible, lightweight material such as 


lami: 


lale comprising outer iayers of aiu.mii 


wiched about and bonded to an inner layer of polyester 
film such as .Mylar. A la.minate thic.kness of two- thou- 
sandths of an inch has been found to be suitable for this 
purpose. Although this laminate is considered preferable, 
others which may be used will occur readily to those 
skilled in the art, and, in fact, a sheet of pure Mylar may 
be used for this purpose, although such a sheet possesses 
'little structural rigidity even when rolled into tubular 
shape for use as a mast or a inular lube. 

Inflation pressure producing means may be provided 
to inflate the tube and mast of each of satellites II, 31 
and 41 simultaneously or in any desired sequence. Such 
pressure producing .means may consist of a storage con- 
tainer, not sh-own, for storing gas under pre.ssure, as shown 
in the afoi-esaid O’Sullivan Palent Number 2,996,212, and 
communicating with the interior of the tube and .mast. Al- 
ternatively, a solid material which is adapted to sublimate 
may be placed within the tube a.nd the mast, so as 'to 
produce pressure when desired for erection. Such ma- 
terials are discussed more specifically hereinafter. Con- 
ventional foam generating materials ma>' also be used. 

■Within the scope of this invention, it is necessary only that 
some inflation means be provided for the mast and the oO t'5 generated to inffate panel 52. 


lions of truncated rert.'inguiar pyramidal form, it is to -be 
understood that preferably each sheet S3, 54 in cross sec- 
tion has the gene.>-a! ferm of a slightly modified sine wave 
with only a small fiat po.nicn at the bottom of each inden- 
25 . tation therein. Thus ii may be said that each depression 
hereinbefore mentioned coiistiiutes a concavity and each 
protuberance afore.ms.nlioned a convexity, such tcr.minol- 
ogy being intended to be gene.ric to either the angular 
indentations as shG-v.m in FIGS. 9 and 10, or more gently 
30 curved surfaces as bereia described and schematically il- 
lustrated. 

Sheets S3 and 54 .may be bonded together by suitable 
means such as we.iding or adhe.sive bondi.ng, such bonding 
preferably being continuous along peripiicries 58, 59 of- 
35 the respective sheets so as to form an envelope having an 
ciiciosed space therein. A bond is preferably also made 
lum sa'nd- as by welding or adhesive fordicg at each area of con- 
tact between sheets 53, 54. It is to be noted, however, 
that indentatio,n,s 56 are -prei'erabiy somewhat more shal- 
low'than are indeniatjons 55 so that when sheets 53 and 
54 are placed together, as showri, with the convexities of 
sheet S3 teicsxoped wi-thin the concaviiies of sheet 54, a 
series of small, inte.rcemnected spaces 57 are formed where 
no contact exists helween such sheets. Thus spaces 57 
together constitute the enclosed space hereinbefore men- 
tioned, scaled by the aforementioned coniinuous bonding 
of peripheries 58, 59. Vv'ithin one or more of the spaces 
57 there may be placed a .material hav-lng sublimating 
characteristics and being adapted to sublime when placed 
in an interpianetary' vacuum, as wbe.n in orbital travel. 
One such subHm.atory material is chloroacetic acid 
(CiCH-COOH), which RUblimates at a temperature of 
61-63 degrees ceefeade. Alternatively, c material or 
materials of cc-nventional type for generating, a foam may 
55 be so placed, or 'any conv'entionai- pressure producing 
means may be cos.necied for communication with such 
space. V»'hatever tiieans may be selected to perform this 
inflating function, i!; is necessary only that a differential 
pressure in the nei,gbborhood of 0.3 pound per square inch 
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tube, and that such means be actiiatabie upon com.mand 
or automatically, so as to insure proper satellite erec- 
tion. Alternatively, the lube only may be irifiated, and 
the mast .simply unrolled or unfolded into tubular form. 
In the embodiment of FIGS. 7 and 8, or in the other con- 
figurations if these be provided with an upper spherical 
section or a similar membrane, interna! pressure of a small 
magnitude may be provided to assist in inflation and erec- 
tion by inflating the entire satellite much as a conveniionai 
balloon is inflated. Indeed, it is considered prefcrijble to 
provide such an interior inflating means. Should such 
nreans be provided, however, it is desirable to also provide 
some irrcuns to automritically release the entrapped gas 
within the satellite; that is, entrapped b-etween the spifericti! 
section and ilte upper membrane, subsequent to erection. 


Sheets S3, S4 may be formed of various materials, and 
preferably may comprise aluminu.m coated Mylar of a 
thickness of approximately 0.00025 inch. Such a thick- 
nes.s may be attained by depositing aluminum on an ex- 
65 tremely thin shtol of Mylar by the vapor deposit method. 
Alternatively, one of sheets S3, 54 may be such a mate- 
ria! and the other pure Mylar. 

In FIGS. II and 12, an alternative form of inflatable 
panel is sliow.n. Panel 61 may comprise top or first .sheet 
70 62. and bottom or second sheet 63; each sheet having a 
plurality of in-dentatians 64, 65, respectively, formed there- 
in. As hereinbefore discussed with regard to the panel 
construction of FIGS. 9 and 10, the panel 61 is shown 
somcw'hat schematically, and each sheet thereof may in 
75 practice be somewhat more gently curved so as to assume 
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a generally sinusoidal form having only small flat portions 
al the base of each indentation. Panel 61 diffeis from 
panel 52 in that 'the respective convexities of each sheet 
are in contact, or, in other vv'ords, the sheets are placed 
in oppo.sed or oppositely facing relationship, as clearly 5, 
shown in FIG. 12. The sheets may be joined together 
by ad.hesive bonding or welding at each point of contact 
thereof, as discussed with regard to the panel structure 
shown in FIGS. 9 and 10; Similarly, peripheries 67 of 
sheet 62, and 6S of sheet 63, preferably are continuously jq 
joined so as to form an envelope enclosing interconnected 
spaces 66 between the sheets, thus rendering panel 61 
inflatable. 

Inflation of panel 61 may be accomplished by providing 
a source of pressure, such as, for example, sublimatory 15 
material such as cbloroacetic acid, foam generating ma- 
terials, or a conventional container of pressurized gas, 
communicating with spaces 66, as hereinbefore discussed 
with respect to sheet 52, FIGS. 9 and 10. 

Sheets 62 and 63 preferably may be of 0.0C025 inch 20 
thicknesses of aluminum coated Mjdar, or one of such 
sheets may be pure Mylar. 

A most important property possessed by both panel 
52 and panel 61 is that either may be folded flatly into 
compact areas or spaces, but that upon inflation thereof, 25 
and even if subsequent to- infiation the internal pressure 
thereof is dissipated, such panels otbibit greater structural 
rigidity or stiffness than if left fiat and unmflated. In 
other words, rigidity of such paneh is increased by in- 
flation the,’'eof, and consequent'y such panels tend to re- 30 
tain tlieir inflated shape as shown in the drav.'ings even- 
if the inte-rnai pressure the.'eof should be subsequently 
decreased. This property is due to the generally cross- 
braced shape of the inflated panels, simiiar to a “space- 
frame” structural shape, 35 

The advantage.? of the a"oresaid property in panels 
designed for use in fornsing structural consponents for a 
passive communication satellite such as .satellites II, 31 
and 41 should be obvious. Once such a vehicle is erected 
and in orbit, puncture of the skin thereof by nslcroineteor- ‘Ih 
ites or the like, or leaks occuiTing due to any cause, with 
consequent loss of pressure in the panel interiors, will not 
cause a change of conrponent sh.-ipe. Thus a spherical 
section such as IS, 32, 42 or 48 formed of a, plurality of 
panei.s 52 or 61 having the sha-pe of gores or other con- 45 
venient shape possesses qualities and characteristics here- 
tofore not available for such uses. 

Panels 52 and 61 are also well .suited to serve as rib 
panels such as panel 24, FIG. 3, p.anel .38, FIG. 5, and 
panels 46 and 51, FIG. 7, since, as hereinbefore discus.red, 50 
such panels exhibit- a marked increase in structural rigidity 
subsequent to inflation. 

It is to be understood, therefore, that either pane! S2 
or panel 61 may be utilized as the basic structural ele- 
ment of any or all of the various spherical sections and 65 
rib panels herein djsclo.sed; and further, such infiat.able 
panels may be utilized in the same satellite. In other 
words, pa.nel 52 may be utilized for some components and 
pane! 6i for others -in the same satellite. 

Thus, upon ejection from the final 'ilaga or payload 60 
container such as shown in FiG. 1 after attainment of 
orbital altitude and velocity, the passive communication 
satellite may be erected by the pressurization and conse- 
quent- inflation of the various components thereof by the 
action of pressur-c. producing means .such as those herein- 65 
before described. In each of satellites 11, 31 and 41, a 
major portion of the work necessary for erection may be 
perfo.rnied by the annular tube provided. Further, a 
significant, or major portion of such work may be accom- 
plished by internally pressurizing the space between, for 70 
example, spherical sections 42 and 4.8, ns hereinbefore 
discussed. Thus, as the tube assurties its annular .sltnpe 
from an initial folded .position, it draw.s with it the various 
spoke.% rib panels, and sphericts! sections. However, a 
not inconsiderable portion ..of the erection force necessary 75, 


10 

is prov'ided by She action of the- erection gas vrithin the 
inflatable panets forming the spherical sections and the 
rib panels, -which tends So enlarge the spaces such as 57 in 
FIG. 10, thus serving to strengihen and form each panel. 

Of course,, numerous methods of constructing and 
assembling .panels such as 52 and 61- -will occur readily 
to those skiiicd in the art. 

Referring now to FIG. 13, there is sho.wn by way' of 
iliiislration a panel 71 which comprises a transparent sheet 
72 and very fine diameter wires 73 so, positioned or 
mounted thereon as to form a grid pattern or mesh having 
square spaces 74 therein approximately two tenths of an 
inch or less on a side. Such a panel may be constructed 
by molding a sheet of Wyiar about a grid formed of 
aluminum wire; and, further, a second sheet 75 be bonded 
at Its periphery to the first sheet so as to form an en- 
velope consthciing an inflatable panel 71. In a preferred 
form, wires 73 are aluminum and second sheet 75 is 
Mylar film, How-'ever, other materials may be used for 
these elements, so long, as the sheet material is trans- 
parent, or psn’ious to iight, and the- wire is of a material 
which will reSect radio frequency waves. Rather than 
being molded into sheet 72 wires 73 may be bonded 
tiiereSo in known manner, or eiclied thereon, if desired. 

So long as panel 71 is constructed so as to be pervious to 
light but impervious to radio signals, it possesses qualities 
quite desirable for a structural element of a passive com- 
mimicaticn satellite. The spacing of wires 73 at two- 
tenths of an inch apart or less, as hereinbefore described, 
allows the combined Mylar and aluminum panel 71 to 
pass light the.reihrough. Tbu.s, such a panel is substan- 
tially untsffected- by solar pre.s.sore. Conversely, this 
same spacing is sufficientiy small or close to reflect radio 
signals up to frequencies of 10,000 megacycles per second 
wish a coefficient of reflection of approximsdely 80%. 
Furiftes', tlic aturninuni wire, mesa tnounted on or in the 
Mylar sheet c.xhibits greater structural rigidity than 
would a siu'iilaf weight of aluminum deposited evenly 
over a Mylar surface. 

Erection of panels 71 may be accomplished by infla- 
tion thereof, which m.ay be carried out by any of the 
methods heretofore discu.tsed v.'ith regard to panels 52 
or 61, such as placing a sublimating materia! between 
sheets 72 and 75, or by connecting a source of pressurized 
gas, not shown, to the space between the.se sheets, or by' 
foaming rntderipls. 

Obvioualj', a plurality of prsneJs 71 may be used to form 
the spherical sections or rib panels hereinbefore disclosed, 
in the same mariner as discussed with regard to panels S2 
and 61. While the various panels may be used in any of 
the satellite configurations of FIGS, 2-8, certain of these 
panels are n-rcfe-rably utilized in certain of these configura- 
tions, as will appear more dearly hereinafter. 

More sp.ccifica!!y, with reference 10 the embodiments of 
FIGS, 2, 3, 4 and 5, if panels 52 or 6f are utilized to form 
the various sphe.ricai scc!ion.s and rib panels therein de- 
scribed, sunlight iinpinging upon the satellite from above; 
that is, striking the concave side of the .spherical section, 
will be reflected against the mast, thus causing heating 
problems of a possibly critical nature. If panels .such 
,as panel 71 are used in these configu.-alions,. however, 
such reflection will not occur, .since panel 71 is pervious to 
sunlight, and therefore the problem of ma.st heating is 
avoided. Similarly, in the configuration of FIGS. 7 and 
8, if panels such as 52 or 61 are used for the upper and 
lower -Spherical sections, mast heating cannot occur since 
sunlight from aziy direction is reflccied away theriby. 
Ho.wever,- in this co.nfiguration, it may be desirable to use 
upper spherical section 48 merely as an erection aid, in 
which case a weight saving could be effected by using 
Mylar sheets alone for such infiaiable panels or as mem- 
branes, in which case mast heating would be a problem 
were panels such as 52, 61 utilized for lower .spherical 
section 42 . Thus, although U is to be understood that 
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the present invention in its broader aspects contemplates 
the use of any of these panels in any of the configurations 
disclosed, it is preferred that panels such as pane) 71 be 
used in the configurations of FIGS. 2, 3-, 4 and 5, and 
also in FIGS. 7 and 8 if the upper spherical section thereof 
is transparent. 

The various structural details such as connecting means 
between various components of the several configurations 
disclosed lierein may differ creatlyin specific applications. 
However, the elcmer)ls next to be described are considered 
to be well suited to serve the necessary functions thereof 
while at the same time providing simple, rugged-, light- 
W’eight, compact structural members. 

In FIG. 14 there is shown the upper portion 81 of a 
mast 82 which may correspond to any of the masts here- 
inbefore described. In order to provide means for con- 
necting the wire spokes 83 to rhast 82, a spoke connecting 
means or cap plate 84 is rigidly mounted on end 81 
thereof, as by means of an adhesive, no! shown. As more 
clearly shown in FIG. 15, cap plate 84 may be a generally 
circular plate shaped into a dish conf/guration having a 
plurality of holes PS drilled or tapped therethrough in 
radially spaced relatio.n around the . periphery thereof. 
Spokes S3 may be connected to cap plate S4 through holes. 
85 in any convenient manner, as, for example, by means 
of a conventional eye splice and thimbie arrangement, 
illustrated schematically at 8S, FiG» 14. 

FIG. 16 f bows the lower portion 87 of mast S2, w’hich 
may correspond to the lower end of any of the masis here- 
inbefore disclosed. The end of lower portion 87 is se- 
cured between an inner base plate 8S having an annular 
peripherai flange S9 integral therewith, and tensioning ring 
91, w'hich- may -take any convenient form and serves to 
mount a plurality of tensioning eye bolts 92 which, in 
turn, are connected toTc.spective wire spokes 93, thus con- 
stituting .spoke connecting mean.s. Secured, as. by an ad- 
hesive bond, to each wire spoke 93 ks a rib pane! 94, which 
may also be bonded or. welded to an adjacent paiiekSS of 
the spherical reflector .section. Obviously, wire spokes 93, 
rib panels 94, and panels 95 may correspond to t.he sim- 
ilar elements disdo.scd in FIGS. 2-8 and hereinbefore de- 
scribed. Housi.ng 96 may be .s.upported by base plate 88 
and may contain, for example, an active attitude control 
means or other instrumentaticu or controls. A collar 97 
may connect panel S'S to tensioning ring 91, and may be • 
formed of a Mylar and aluminum laminate and ad.he- 
siveiy bonded or welded to these eleriient.s. 

In FIG. 17 there is shewn somewhat schematically one 
preferred consfraction of the interconnected annular tube, 
spherical section, rib panels, spokes and the like, which 
obviously may be any of these elements hereinbefore dis- 
closed. Annular inSlatable tube ICl has .secured thereto 
tabs 102, 103 which may be of generally triangular shape 
as best shown in FIG. 18 and which are preferably adhe- 
sively bonded or welder to tube IGl. In turn, wire spokes 
104, 305 may be bonded or welded or suitably attached 
to their respective tabs; one of the hatter being provided 
for each spoke. Inflatable panels 106, 107 of the type . 
previously described are secured to tube 101 in suitable 
manner, as, for example, in overlapping relationship to 
the adjacent tab.s, and one or more of the spokes 104, 105 
may have an inflatable rib panel si 
thereto and to the adjacent inflatable pr+nel. 

Obviously many modifications and variations of the 
present invention are possible in the light of the above 
teachings, .ft is therefo re to be understood that within the 
scope of the appended claims the invention may be prac- 
ticed otherwise than as specifically described. 

What is dnimed as new ,and desired to be secured by 
LeUers Patent ot the United States is; 

I, An orbital .satellite operable in an extraplanetary 
vacuum comprising a refleclive spherical section having a 
circular periphery, an inflatable annular tube .coextensive 
with and connected So .said circular periphery, a mast 
mounted on said spherical .section and extending along a 
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radial line from said section, a firrt plurality of spokes 
interconnected betvvee.n said mast and said tube, a second 
plurality of spokes also interconnected between said mast 
and said tube with the connection thereof with said mast 
0 being at a spaced distance from the connection of said 
first plurality of spokes with said mast, and rib panels 
connected between at least some of said spokes and said 
spherical section. 

2. The orbital satellite according to claim 1 wherein 
jQ said rib panels are inflatable, and said spherical section 

comprises a plurality of inflatable panels. 

3. In an orbital .satellite ope'Tibie in an extrapJanetary 
vacuum, after launch from Earth by a launch vehicle, the 
combination compriring a spherical section having a re- 

X5 fiective surface exterior, a mast mounted on said spherical 
-section and extending along a radial line thereof, a sig- 
nificant mass inciucling a ponion of the launch vehicle 
conn-ected to said mast: at an end thereof remote from 
said .spbe.rical scciiortj and spoiios con.aected between said. 
20 mast and said spherical section, whereby, said satellite is 
. adapted to be pas.sive'y attitude sta.bilizcd. 

4. An inflatable panel comprising, in combination, a first 
sheet having a plurality of inderuatio.ns therein, a second 
sheet -having a pkiraiity of indentai'ons therein, a sublima- 

25 tcry material, said sheets being arranged in sandw'icl'.ing 
relationship to -said sublimatory material, means connect- 
ing said first sheet to said second sheet, each said first 
sheet and said second sliect comprising a laminaie of a 
layer of polyester composition and an aluminum layer 
30 said subiiniatory material being chloroacetic acid. 

5. An i-nfiatabic panel comprising, a first sheet of-pliant, 
light wave pervious material sub.siantially impervious to 
ten thousand megacycles per second radio signals, a sec- 
ond shed of a transparent material, means bonding the 

;:5 periphery of said first sliccl to the periphery of said second 
sheet so as to form an. enclosed space therebetween, sub- 
iiniatory pressure producing meaas communicating with 
.said c.ndosed .space, .said first sheet comprising an alu*' 
miniu.m wire grid supported by a polyester film and said 
second sheet comprising a polyester film, 

6. An. orbital communication satellite operable in an 
cxu-i planetary’ vacuum comprising, in combination, a 
spherical section having a circuiar periphery, an annular 
support means connected to and coextensive with the 
pcriphciy of said sp.hcrica! section, a mast mounted oa 
said spherical -section, and structural .members extending 
between and connecied to said .supniort means and said 
mast; s.aid spherical section cQ.mprising an in.flatable panel 
including a first shoot having a plurality of indentations 
therein,, a second sheet having a piuraiity of indentations 
therein, mcams bonding the peripheries of said sheets to- 
gether so as to form an enclosed space therebetween, sub- 
limatory pressure producing .means communicating with 
said enclosed space, each said first and said second sheet 

55 comprising a la.minaie including a layer of polyester film 
. and a layer of aluminum. 

7. An orbital communication .sateljife operable in an 
extraplanetary’ vacuum, compriring a spherical section hay- 
ing a circular periphery, peripheral support means' con- 

QQ nected to said periphery of said spherical section, a inast 
centrally mounted on said spherical section, a plurality 
as 108 attached of strengthening elements each cormcefed between said 
mast and said support means, said spherical .section com- 
prising an inflatabie panel including -a first sheet of pliant 
(j5 material, a second sheet of pliant r.jatcria!, means bonding 
the peripheries of said sheets together so as to form an 
enclosed space therebetween, .and ‘^pressure producing 
means communicating with .said cnciosed space. 

8. An orbital co.maiunication saiclh'le operable in an 
extraplanetary vacuum comprising a Rphcrical section hav- 
ing a circuiar periphery, perip-hera! support .means con- 
nected to the periphery of said spherical section, a mast 
centrally mounted on said Epherk.ai section, a plurality 
of strengthening- elements each connecied between said 

7S mast and said support sneans, said spherical section cem- 
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prising an inflatable panel -inducliVxg a first sheet of pliantj - 
substamially trsnsparcnt, substantially radio signal im* 
pervious material, a second sheet of transparent inaleriai, 
means bonding tbe peripherj' of said first sheet to- the - 
periphery of said second sheet so' as to forhi an enclosed 5 
space therebetween, and pressure producing njeahs com- - 
municating with said enclosed space. 

9. An orbital comrhuriication satellite operable in an 
extraplanetary vacuum comprking a .spherical section hav- 
ing a periphery, peripheral support means connected to the ■ j0 
periphery of said spherical secti'on, a mast centrally mount- 
ed on said spherical secti'on, a piuraiity of strengthening 
elements each connected between sjtid mast and said -sup- 
port means, said spherical section coiTiprising an irjflalahie 
panel including a first sheet having a piuraiity of-indenta- - 15 
tions therein forming concavities in one side thereof and 
convexities on aoo'bcr side thefeof, a second sheet having • 

a piuraiity of indentations therein forming .concavities in 
one side thereof arid convexities on ano-ther side tbe,-eof, 
means cormecting said firisi sheet to said second sheet so 20 
as to form an enclos-sd space tbeiebstween, and pressure 
producing means comrouDicating with said enclosed space. 

10. An orbital coni.TiU.nication sate-ilite comprising: 

a collapsible reflecting spberical' section, 

an annular in'latable tube connected to and coextensive 25 
with the periphery of said spherical section, 

a mast mounted on said spber'i-cai section, 

first spokes means conneeled to both said mast and 
said inflatable tube, 

second spoke means in spaced relationship v/ilh said first t-iO 
spoke metffls and also connected to said mast- and 
said inflatable -tube, and 

inflatable rib pane! means conne-rted between at least 
some of said spokes and said sp-herical .section. 

11 . An orbital communication satellite comprising; S5 

(a) a primary structure, 

said primary structure including 
a roast, 

an an.n'ular inflatable tube, and 
a plurality of spoke means, 40 

said spoke means being connected to said'mast 
and to said annular tube so as to maintain 
said anmtlar tube,-i-n spaced cifcumferential 
relationship with said mast; and, 

(b) a secondary' structure, 45 

, said secondary .structure including 

a collapsible re.fiecting spherical section having 
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an expo.sed codixx surface vrith a reflecting 
surface on sa-id convex .surface and provided 
with a circuia.’' periphery, said circular jte- 
riphery being contiguous with and connect- 
ed tp said inflatable tube, 

12. An orbital comnrmmcation satellite comprising:, 
a. collapsible, reflecting .spherical- section- having a cir- 
cular periphery,- 

an inflatable annular tube' connected to and circum- 
scribing said periphery to support said reflecting sec- 
tion,' 

mast means -mounted, on said reflecting section, 
strengthening means connecting said mast to. said an- 
nular tube, 

said strengthening means including; 

(a) a first piuraiity of spokes spaced from -said re- 
flecting section and leading from ' one end o! 
said mast to said annular tube, and 
■(b) a sec.ond plurality of spokes-leading from the 
other end of said mast. 
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